ABSTRACT: Tall fescue (Lolium arundinaceum) toxicosis research is often complicated by a reduction in intake of infected forage or seed, making treatment comparisons difficult. This study was conducted to develop a fescue toxicosis model that would allow for variations in DMI without altering the quantity of alkaloids consumed over the course of the experiment. Ground tall fescue seed and a tall fescue seed extract were used in two 2-period crossover experiments to determine the effectiveness of ruminal dosing of a tall fescue seed extract to induce fescue toxicosis. This experiment used 4 growing Holstein steers (BW = 337 ± 24 kg) surgically fitted with ruminal cannulas. Steers were maintained on a diet of endophyte-free fescue hay fed ad libitum throughout the experiment. Endophyte-infected (E+; 4.1 mg/kg of ergovaline) and uninfected (E−; 0.0 mg/ kg of ergovaline) KY-31 tall fescue seed was ground and dosed or extracted with ethanol, concentrated, and lyophilized before ruminal dosing. Ergovaline concentration of the final extract was 102 mg/kg. Animals were given a minimum of a 3-wk washout period between treatments. Physiological indicators were measured over 7 d at 22°C (d 1 to 3) and 32°C (d 4 to 7) during both seed and extract dosing. Seed and extract E+ dosing reduced serum prolactin concentrations such that they were not different from zero (P < 0.10). Treatment with E+ reduced feed intake (P < 0.05) and heart rate (P < 0.001), and increased respiration rate (P < 0.01) and core temperature (P < 0.05) during both seed and extract dosing. Increasing environmental temperature from 22 to 32°C reduced total intake (P < 0.05) and increased core temperature (P < 0.001) and respiration rate (P < 0.001) during both seed and extract dosing. Diastolic blood pressure tended (P < 0.09) to be increased during E+ extract dosing and reduced during heat stress. These physiological alterations are consistent with those reported for cattle grazing or consuming seed from endophyte-infected tall fescue. These data indicate that a ruminally dosed ethanol extract of tall fescue seed is efficacious in inducing fescue toxicosis in cattle.
INTRODUCTION
Tall fescue (Lolium arundinaceum 'Kentucky 31') is grown on more than 15 million hectares (Thompson et al., 1993) of land in the United States, and more than one-half of these fields are infected with the endophyte Neotyphodium coenophialum (Jones et al., 2004) . Although this endophyte provides positive aspects such as drought-and heat-tolerance to the plant (Settivari et al., 2006) , the ergot alkaloids it produces cause health and production problems in animals grazing the infected fescue, resulting in negative economic effects for producers (Hoveland, 2007) .
The clinical symptoms of fescue toxicosis include reduced feed intake and BW gain, decreased milk production, reductions in reproductive efficiency, tissue necrosis, and a rough hair coat (Wagner, 2008) . Physiological signs including increased respiration rate (Browning and Leite-Browning, 1997; Al-Haidary et al., 2001) , increased core temperature (Hannah et al., 1990; Rhodes et al., 1991; Aldrich et al., 1993a) , and a reduction in serum prolactin can be used to diagnose less severe cases of fescue toxicosis (Oliver, 1997) .
Because endophyte toxins are concentrated in tall fescue seed, research examining the effects of endophyteinfected tall fescue on animal performance often uses ground seed added to a basal diet to induce symptoms of toxicosis. Because one of the factors associated with fescue toxicosis is a reduction in feed intake (Rhodes et al., 1991; Aldrich et al., 1993b) , achieving a consistent and adequate intake of toxins can be a complication. A more precise method would be to dose the animals with an extract containing the alkaloids found in toxic fescue. However, little research has been done to determine the bioactivity of such extracts. The goals of these experiments were 1) to develop a set of standard physiologic measurements to characterize the onset of fescue toxicosis; and 2) to determine the ability of a tall fescue seed extract to cause the symptoms of fescue toxicosis in steers.
MATERIALS AND METHODS
All procedures involving animals were approved by the University of Kentucky Animal Care and Use Committee.
Four Holstein steers (BW = 337 ± 24 kg), surgically fitted with ruminal cannulas (Bar Diamond Inc., Parma, ID), were used in 2 experiments, both using a 2-period crossover experimental design. Each experiment consisted of two 7-d periods. Each period consisted of 2 phases that differed in environmental temperature: phase 1, d 1 to 3 at 22°C, and phase 2, d 4 to 7 at 32°C. Steers were housed in temperature-and humidity-controlled rooms and fed once daily at 0800 h. The basal diet consisted of endophyte-free fescue hay, top dressed with 40 g of trace mineralized salt (Table 1) . Water was available ad libitum throughout the trial. During the first experiment treatments were ground KY-31 seed from endophyte-infected (E+) and -uninfected (E−) lots (as determined by ergovaline concentration). During the second experiment, seed from these lots was extracted as described below to provide E+ and E− extract treatments. Animals were adapted to the basal diet and housing for a minimum of 2 wk before beginning the first experiment.
Exp. 1: Ground Fescue Seed
Two randomly selected steers were ruminally dosed with 0.5 kg of ground E+ KY-31 fescue seed (5.3 mg/ kg of ergovaline; 3.3 mg/kg of ergovalinine), and 2 control steers were ruminally dosed with 0.5 kg of ground E− KY-31 fescue seed (0.0 mg/kg of ergovaline and ergovalinine) twice daily (0800 and 1600 h) during each period. Fescue seed was ground to pass through a 2-mm screen (model 3 Wiley Mill, Arthur H. Thomas Co., Philadelphia, PA). Environmental temperature was maintained at 22°C during d 1 to 3 (phase 1). Beginning on d 4, ambient temperature was increased to 32°C (phase 2). During each phase, temperature was held constant, with no 24-h cyclic changes.
Feed intake was measured continuously via feed bunks attached to load cells (LC101-500, Omegadyne, Sunbury, OH) that recorded bunk weight at 1-min intervals. Orts were collected, weighed, and recorded from the previous day before the 0800 h feeding. After each period, all steers were returned to basal diets and room temperature was returned to 22°C. A minimum of a 3-wk washout was used to eliminate the potential of carry-over effects from the first period. The crossover period was identical to the first with each steer on the alternate treatment.
At 0900 and 1500 h on d 1 through 7, skin surface temperature was measured using an infrared thermometer (model 42511, Extech Instruments, Waltham, MA). Measurements were taken in the center of a 7.5 × 10 cm area over the ribs with the hair removed. Three measurements were taken in each location to provide an average measurement. At each time point, respiration rate was measured by flank movement counts.
During ruminal cannulation, each steer had a radio telemetry device (CorTemp, HQ Inc., Palmetto, FL) placed in the abdomen to continually measure and record core temperature at 1-min intervals. Heart rate was continually measured at 1-min intervals using a telemetry device attached to a heart-girth band (WearLink, Polar Brand, Brooklyn, NY). Room temperature and humidity were recorded throughout the experiment via a continuous data-logger (EL-USB-2-LCD, Lascar Electronics, Salisbury, UK). Blood samples (5 mL) were taken via jugular venipuncture on d 1 and 7 of each period. Samples were centrifuged at 3,000 × g for 15 min at 4°C. Serum was collected and stored at −5°C until analysis. Serum prolactin was determined by RIA following the procedures of Bernard et al. (1993) with an intraassay CV of 5.12%. 
Exp. 2: Fescue Seed Extract
The animal model, experimental design, and series of measurements validated using ground tall fescue seed was used in 2 additional periods to evaluate the efficacy of a fescue seed extract for inducing fescue toxicosis. During this experiment, a digital oscillometric sphygmomanometer was used to determine systolic and diastolic blood pressures using the methods of Browning and Leite-Browning (1997) . Diet and feeding of steers in this experiment were as described in Exp. 1, substituting tall fescue seed extracts for ground seed. Extract was produced from the same lots of seed as the ground seed used in Exp. 1, providing extract from E+ tall fescue (E E+ ) and E− tall fescue (E E− ). As described previously, blood samples were collected and analyzed for serum prolactin with an intrassay CV for prolactin of 6.78%.
Fescue seed extract was prepared from ground seed packed in an extractor column, using the technique of Fannin et al. (2010) . Briefly, seed was ground as described above and packed into a 30 × 80 cm column, minimizing air spaces and ensuring even compression. The bottom of the column contained approximately 4 cm of glass nuggets covered with an expanded metal screen and a Miracloth filter (Calbiochem, Gibbstown, NJ) to keep the ground seed above the glass nuggets. Approximately 25 kg of seed could be extracted in the column each time. Extraction solution was 80% ethanol, and sufficient volume was added to fill the void volume (approximately 38 L) over 6 h. When the solvent front migrated to the bottom of the column, flow was stopped and the seed steeped for a minimum of 12 h. The column was then eluted with 80% ethanol at 2 L/h over a 25-h period into a porcelain container. After elution, the ethanol was evaporated by blowing air across the surface. After evaporation, the remaining residue was freeze-dried in the dark, then ground under liquid nitrogen with mortar and pestle. Dried extract was solubilized in 80% methanol.
Quantitative determination of ergot alkaloids was performed using ultra-performance liquid chromatography/tandem mass spectrometry (MS) using an Acquity UPLC-TQD (Waters Inc., Milford, MA) as described previously (Foote et al., 2012) . Briefly, 5 µL of the diluted sample was injected (full loop mode) onto an Acquity UPLC BEH column (C18, 1.7 mm particle size, 2.1 × 100 mm; Waters Inc.). Separation was accomplished with a linear binary gradient using water with 0.04% NH 4 OH (A) and acetonitrile with 0.04% NH 4 OH (B) and a constant flow of 0.50 mL per minute. Gradient program conditions were as follows: initial to 0.6 min, 100% eluent A; at 6.0 min, 10% eluent A/90% eluent B; at 6.1 to 8.5 min, 100% eluent B; at 8.6 to 10 min, 100% eluent A. Detection was accomplished by running the triple-quad mass detector (TQD; Waters Inc.) in the MS-MS mode after positive electrospray ionization. Concentrations of each alkaloid were determined using a calibration curve with an internal standard (methysergide, 5.0 fmol on column). The calibration curves were linear (r 2 > 0.97) within a range of 5 to 250 fmol. Area under the curve values for both the "ine" and "inine" epimers were summed for quantification because interconversion of the epimers readily occurs in solution.
Ergot alkaloid concentrations for the final product were 102 mg/kg of ergovaline and 60 mg/kg of ergovalinine. This constituted an 81% recovery of alkaloids with a 19-fold increase in concentration. Single dose amounts of ground extract were packaged in cellulose paper and stored in the dark at −5°C to ensure stability until ruminal dosing.
Statistical Analysis
The data were analyzed with the MIXED procedure (SAS Inst. Inc., Cary, NC) with individual steer as the experimental unit. Data from each experiment were analyzed separately. Animal and period were considered random effects, whereas endophyte presence and temperature phase were fixed effects. Data were analyzed for effects of treatment, temperature, and the interaction of treatment × temperature. All results are presented as least squared means of all data collected within each temperature phase. Core temperature, heart rate, rate of intake, and meal data were averaged by hour within day before analysis. Rate of intake was calculated as the slope of the natural log of feed weight vs. time. Meals were defined as a 10% or greater consumption of current bunk content over a 5-min period. All other variables were averaged within day before analysis. Sums of squares were partitioned into the main effects of endophyte and temperature as well as their interaction. Prolactin concentrations were analyzed using the MIXED procedure as described above, with animal and period as random effects and endophyte and day as fixed effects. In addition, a single-tail t-test was performed to determine if prolactin means differed from zero (HO = 0). Treatment effects were considered significant at P ≤ 0.05, and P > 0.05 to P < 0.10 were considered a trend.
RESULTS

Exp. 1: Ground Fescue Seed
The results of Exp. 1 are presented in Table 2 . Total feed intake exhibited an endophyte × temperature interaction (P = 0.001); feed intake was slightly less with E+ at 22°C, but greatly reduced with E+ at 32°C. Rate of intake tended to exhibit an endophyte × temperature interaction (P = 0.064); rate of intake was greatest for E− at 22°C and similar for the other treatments. The number of meals consumed daily was reduced (P = 0.001) at 32°C. Respiration rate also exhibited an endophyte × temperature interaction (P = 0.01) as respiration rate increased at 32°C, but the increase was much greater for E+. Core temperature exhibited an endophyte × temperature interaction (P = 0.001) as core temperature was elevated at 32°C, but the increase was greater for E+. Skin temperature increased (P = 0.001) at 32°C, but was unchanged by treatment (P = 0.15). Serum prolactin concentrations did not differ between treatments on d 1 or 7 (P = 0.82 and 0.61, respectively); however, steers dosed with E+ had serum prolactin concentrations not different from zero (P = 0.02) on d 7, whereas prolactin concentrations of steers dosed with E− were different from zero (P = 0.16; Figure 1A ).
Exp. 2: Fescue Seed Extract
The results of Exp. 2 are presented in Table 3 . Both E+ treatment and 32°C reduced total feed intake (P < 0.05), rate of intake (P < 0.001), and meals (P < 0.001); however, the interaction of endophyte treatment and temperature was not significant for any of these measures. In addition, respiration rate (P = 0.003), heart rate (P = 0.044), and core body temperature (P = 0.001) all had endophyte × temperature interactions. Respiration rate was increased by temperature, but the increase was greatest for E+ at 32°C. Heart rate was decreased by E+, but the decrease was less for E+ at 32°C. Core temperature was increased by E+, but the increase was greatest at 32°C. Systolic blood pressure was unaffected by treatment or ambient temperature, whereas diastolic blood pressure tended (P = 0.08) to increase with E+ treatment and tended (P = 0.064) to decrease at 32°C. Dosing E+ extract tended to reduce serum prolactin concentrations on d 7 compared with E− dosing (P = 0.10). Steers dosed with E+ had serum prolactin concentrations that were not different from zero on d 7 (P = 0.032; Figure 1B ). govalinine), with extract dosing adjusted to provide a similar quantity. During both experiments, alkaloid levels were less than previously reported concentrations of 10.9 mg•animal −1
DISCUSSION
•d −1 (total ergovaline + ergovalinine; Aiken et al., 2007) . However, the observation of fescue toxicosis symptoms, including reduction of serum prolactin, indicates that alkaloid levels were sufficient in both experiments to induce toxicosis. After completion of the experiments, further analysis of the seed and extract indicated the presence of ergotamine (2.9 mg/kg in seed). The presence of ergotamine is not likely due to N. coenophialum, but rather contamination by Claviceps purpurea. Thus, animals received approximately 2.9 mg of ergotamine daily as well.
A reduction in serum prolactin is considered the definitive indicator of fescue toxicosis in cattle. Dopamine D 2 receptors are stimulated by ergot alkaloids (Dyer, 1993; Larson et al., 1994) , which results in a reduction in prolactin secretion by the anterior pituitary. Reductions in both circulating and releasable concentrations of prolactin in cattle that had grazed E+ tall fescue pastures have been reported (Schillo et al., 1988) , and cultured pituitary cells treated with ergocryptine had reduced prolactin gene transcription (Maurer, 1981) . Steers in this study had serum prolactin concentrations that were greatly decreased and not different from zero after 7 d of E+ dosing for both seed and extract at 32°C. Aiken et al. (2007) reported that prolactin concentrations can be reduced as quickly as 4 h after feeding E+ tall fescue seed. During the E− treatments, steers had serum prolactin concentrations averaging 93.4 and 212.7 ng/mL after 7 d on seed and extract treatments, respectively. The apparent reduction in prolactin concentrations of E− animals dosed with seed may be due to natural fluctuations of prolactin concentrations in cattle (Koprowski and Tucker, 1973; Tucker et al., 1974) because our values represent only a single daily sample.
Serum prolactin concentrations in cattle (Stanisiewski et al., 1988; Dahl et al., 2000) and sheep (Jackson and Jansen, 1991) have been shown to vary with day length and temperature (Peters et al., 1981) . Age of animals can also affect prolactin concentrations, with older animals having greater concentrations (McCarthy et al., 1979) . However, as the temperatures in this experiment were at or above thermoneutral for cattle, they should not have altered prolactin secretion. Likewise, because all animals were of a similar age, this should not be a source of prolactin fluctuation. Animals in this study were given a minimum of 3 wk washout between E− and E+ treatments. Previous research indicates that serum prolactin concentrations increase and stabilize as quickly as 3 d after removal of infected tall fescue from the diet (Aiken et al., 2007) . However, other studies have shown that prolactin concentrations can continue to increase for 28 d after dietary change (Aiken and Piper, 1999) . Collectively, these studies show that the variations in prolactin concentrations may be due to several factors, including individual animal variation in sensitivity to temperature or recovery time or both. However, it does not affect the value of prolactin as an indicator of fescue toxicosis because concentrations in steers receiving the E+ treatments at 32°C were dramatically reduced such that they were not different from zero.
It is well known that cattle exhibit changes in physiological responses at differing temperatures. In this experiment, ambient temperature reduced total intake and meals during both seed and extract dosing. Rate of intake was reduced by temperature during extract dosing and tended to be decreased during seed dosing. It is well documented that high environmental temperatures negatively affect intake (Hahn, 1999) . In addition, increased temperature resulted in an increase in respiration rate during both seed and extract dos- ing; this is generally attributed to efforts by the animal to decrease the thermal load by increasing respiratory cooling (Cisneros and Goins, 2009) . Core temperature was also increased at 32°C during all treatments; this is consistent with previous research indicating that core temperature is affected by environmental temperature (Johnson, 1965; Finch, 1986) . Similarly, skin temperature was greater at 32°C during seed dosing. Greater ambient temperature increases the thermal load on animals, and if cooling mechanisms are unable to compensate, core body and skin temperatures will be increased (Fuquay, 1981; Hahn, 1999) . Some research has indicated that reduced intake and heat stress may slightly depress heart rate (McGuire et al., 1989; Lough et al., 1990) . Heart rate has been shown to be correlated with energy expenditure in cattle (Brosh et al., 1998) . In this experiment, heart rate was decreased at 32°C during extract dosing and unaffected during seed dosing. This reduction in heart rate may be related to the reduced intake and available energy. These indicators show that the increased temperatures in this experiment resulted in typical physiological responses. The temperature increase was used solely as a tool to evaluate efficacy of seed and extract dosing because the adverse effects of fescue toxicosis are exacerbated at greater ambient temperatures (Osborn et al., 1992; Aldrich et al., 1993b) .
Animals consuming infected tall fescue under increased environmental temperatures often exhibit a reduction in intake of 10 to 50% (Bond et al., 1984; Stuedemann and Hoveland, 1988) . The animals in this experiment did not have reduced intake at 22°C, but had 28 and 19% reductions in intake resulting from dosing E+ seed and extract, respectively, at 32°C.
Reductions in intake are not a certainty with endophyte consumption, even with greater environmental temperatures. Heifers housed in temperature controlled rooms with daily cycling temperatures from 22 to 32°C also showed no difference in intake between E+ and E− groups (Aldrich et al., 1993a) . However, without diurnal temperature cycling, an interaction of increased temperature and E+ consumption is evidenced (Aldrich et al., 1993a) . Because the current experiment did not use daily temperature cycling, this interaction was present.
Ergot alkaloids act as agonists on serotonergic receptors (Dyer, 1993) , which can depress intake, most likely through increasing satiety (Simansky, 1996) . Shorter grazing bouts have also been reported for animals consuming endophyte-infected tall fescue (Dougherty et al., 1991) . The number of meals per day was reduced by E+ dosing and by increased temperature for both seed and extract experiments. Likewise, rate of intake was reduced at 32°C and during E+ dosing for both seed and extract experiments of the current report. Other research has shown that passage rate decreases when animals consume E+ tall fescue (Goetsch et al., 1987) , which may also contribute to the reduced intake.
Respiration rate was increased at 32°C for all treatments. Increased respiration serves as a method to dissipate heat (Hahn, 1999) and serves as an indicator of the thermal load of an animal (Gaughan et al., 2000) . Therefore, the increased respiration rate at 32°C observed in this experiment was expected. As seen in the present research, endophyte-infected tall fescue has been shown to increase respiration rate of cattle above that caused by heat stress (Carr and Jacobson, 1969; Osborn et al., 1992) . Lung tissue has α-and β-adrenergic receptors (Porcelli and Bergofsky, 1973) as well as serotonergic 5-HT receptors (Sadavongvivad, 1970) . Stimulation of serotonergic receptors has been shown to have a bronchoconstrictive effect (Oliver, 1997) . The α-2 adrenergic receptors present on blood platelets increase their production of thromboxane when stimulated by ergot alkaloids, which can cause platelet aggregation (Oliver, 1997) . These combine to result in a reduction in blood O 2 saturation and tissue oxygenation in animals suffering from fescue toxicosis and lead to an increase in respiration rate to sufficiently oxygenate tissues (Oliver, 1997) . The combination of both increased environmental temperature and E+ treatment resulted in an increase in respiration over either temperature or treatment alone. This would indicate that the mechanisms by which each of these alter respiration are separate and combinatory.
Increased blood pressure has been noted in some studies of ergot alkaloid effects. Research conducted using intravenous injection of alkaloids tends to show this increase (Browning and Leite-Browning, 1997; Browning, 2000; McLeay et al., 2002) , whereas studies that use ground E+ fescue seed or animals grazing high-endophyte pastures do not report an increase in blood pressure (Rhodes et al., 1991; Aiken et al., 2007) . Therefore, increased blood pressure may be an artifact of infusion and not directly caused by the ergot alkaloids as present in the infusates. It may require a secondary metabolite or greater concentrations of toxin than are routinely achieved with feeding.
Numerous studies have shown a reduction in heart rate with consumption of infected fescue (Osborn et al., 1992; Browning and Leite-Browning, 1997; Aiken et al., 2007) . This reduction is often seen without the increase in blood pressure noted above. In the present experiment, reduced heart rate was seen during E+ dosing of both seed and extract. Blood pressure was only measured during extract dosing and showed an increase in diastolic pressure due to E+. These results are in agreement with the theory that the heart rate of animals is not directly affected by the alkaloids, but rather is reduced in response to the increased blood pressure caused by vasoconstriction, allowing for the maintenance of homeostasis (Oliver, 2005) . The interaction of temperature and endophyte on heart rate is likely a combination of effects on blood pressure and core temperature. In hyperthermia, heart rate has been shown to increase by up to 25 beats per minute per de-gree Celsius in humans to facilitate increased cutaneous heat transfer (Simon, 1993) . Homeostatic maintenance of blood pressure overriding this increase in heart rate is the most probable explanation for the reduced heart rate at 32°C during E+ dosing in both experiments.
Several studies have reported a relationship between infected fescue and increased core body temperature (Boling et al., 1989; Aldrich et al., 1993b; Al-Haidary et al., 2001) . Similarly, increased core temperature is seen during heat stress situations (Finch, 1986; Lefcourt and Adams, 1996; Eigenberg et al., 2005) . In agreement with this, core temperature was increased at the 32°C temperature as well as by E+ dosing during both seed and extract experiments. As discussed below, increased core temperature during E+ dosing is related to a reduced cutaneous heat transfer. At times of increased environmental temperature, cutaneous heat transfer becomes more important to maintain core temperature (Sessler et al., 1990) . Animals consuming E+ seed in heat stress conditions are less able to dissipate heat at the time of greatest need. This results in the interaction of temperature and endophyte on core body temperature seen in the current experiments.
Increased core temperature is often associated with a decrease in skin temperature (Browning and LeiteBrowning, 1997; Browning, 2000) that is attributed to the α-adrenergic receptor-mediated vasoconstriction in subcutaneous areas (Dyer, 1993; Oliver, 1997) and the resulting reduced blood flow. Vasoconstriction in subcutaneous tissues has been postulated to result in a reduction of heat loss, thereby contributing to the increased core body temperature. However, this study showed no change in skin temperature over the ribs. Rhodes et al. (1991) reported that rib skin in steers had reduced blood flow during the E+ treatment. Therefore, a corresponding reduction in temperature was expected in this experiment. It is possible that due to the temperature-and humidity-controlled environment and lack of radiant heat, the change in skin temperature was minimized and undetectable. Previous research has shown more pronounced changes in skin temperature for peripheral locations (Walls and Jacobson, 1970; Schmidt and Osborn, 1993; Browning, 2004) ; because these locations were not measured in this experiment, it is possible that a change in skin temperature occurred and was not detected due to choice of measurement location.
Conclusion
Ruminal dosing of ground seed and seed extract were able to mimic the classic symptoms of fescue toxicosis in cattle. This model whereby seed or extract is directly dosed into the rumen eliminates the possibility of reduced alkaloid intake due to refusal of feed by the animal. This model may allow for more precise and repeatable dosing of alkaloids in future fescue research and may enhance the ability to study underlying mechanisms of fescue toxicosis.
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